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SNO successor

780 t of scintillator

1.7 & 5.3 kt ultra 
pure water shielding

9500 PMT’s



SNO successor

Sudbury, ON, Canada, 2070 m underground



SNO+ goals
Double-beta decay (S. Biller, Wed, 16.40)

Geo-neutrinos (M. Chen, Mon, 14.20)

Reactor neutrinos

Supernova neutrinos

Hidden nucleon decay

Low energy solar neutrinos



Solar neutrinos



Energy spectrum



Survival probability
2

FIG. 1. (Color online) MSW prediction for P⌫e!⌫e for th e
th ree-fl a v or K a m L A N D b es t fi t pa ra m eters a nd th e com b ined
s ola r b es t fi t pa ra m eters . N ote th a t th e pep u ncerta inties a re
not Ga u s s ia n a nd th e v a lu e is only ⇠ 2 � from z ero. D a ta
points for B orex ino a nd S-K 8 B repres ent th e s u rv iv a l prob a -
b ility a v era g ed ov er th e m ea s u red energ y ra ng e.

many authors [16, 17], the predicted survival probabil-
ity has three regimes. At high energies the e↵ects of
matter are pronounced, and thus the suppression of ⌫es
exceeds the average value of 1� 1/2 sin2 2✓ expected for
just vacuum oscillations. At low energies vacuum e↵ects
are dominant, thus the survival probability matches the
vacuum value. Between about 1 MeV and 4 MeV there
is a transition region between the low- and high-energy
regimes, where the survival probability decreases from
the vacuum average to the matter-dominated value. It is
in this transition region where non-standard e↵ects would
be most pronounced, as they interfere with the expecta-
tions from standard MSW transformation. As Nature
would have it, probing this region is particularly di�-
cult. Water Cherenkov experiments have poor energy
resolution and hence di�culty getting below thresholds
of 4 MeV, whereas scintillation experiments are typically
either small or restricted to observing neutrinos through
the elastic scattering of electrons, whose di↵erential cross
section is maximally broad.

Many authors [18–26] have put forth non-standard
models and performed fits to the solar neutrino data
set. Prior to the recent ✓13 measurements, Palazzo [21]
showed that non-standard interaction models provide a
somewhat better fit to the solar neutrino data than does
the standard MSW flavor transformation. The reason
non-standard e↵ects are preferred is the frustratingly per-
sistent flatness of the high-energy solar ⌫e survival prob-
ability, as measured by experiments observing 8B neutri-
nos. In Figs. 2 and 3, we show the 8B measurements
from the Sudbury Neutrino Observatory (SNO), Borex-
ino, and the Super-Kamiokande (S-K) experiments, with
the expectation from large-mixing angle MSW e↵ect su-

FIG. 2 . (Color online) K a m L A N D ’ s com b ined b es t fi t MSW-
L MA prediction v ers u s SN O ex tra cted 8B s u rv iv a l prob a b il-
ity . T h e b a nd repres ents th e R MS s prea d a t a ny g iv en energ y ,
i.e., not inclu ding energ y correla tions .

perimposed. We see that while the data is consistent with
MSW, no experiment sees clear evidence of the expected
rise due to the matter / vacuum transition region. The
three experiments appear to di↵er in their comparison to
the model: SNO fits the prediction best at high energies
rather than low, while S-K is the reverse. In other words,
SNO’s data appears to be flatter than predicted by MSW
due to the fact that at low energies the survival proba-
bility fit is lower than the MSW curve, while S-K’s data
appears to be flatter because the high energy event rate
is higher than predicted by MSW, but in all cases the
end result is that the data appears flatter than expected.
The Borexino experiment’s uncertainties are clearly too
large to make a meaningful comparison with their data
alone.
In this paper we perform fits to the global solar neu-

trino data sets, including constraints on ✓13 and the most
recent measurements by the SNO collaboration. Section
II describes each experiment we consider, how we sim-
ulate its results, and how we handle its statistical and
systematic uncertainties. Section III describes our fit-
ting procedure and our parameterization of the survival
probability for each model we consider, and the results
of the fit for each model are given in Section IV.

II. DATA SETS AND APPROACH

Our solar neutrino data sets include the weighted av-
erage of the results of the gallium experiments (SAGE,
GALLEX, and GNO) given in Ref. [27], and separately
the results of the Chlorine experiment [28]. These ex-
periments provide integral measurements of several solar
neutrino fluxes. For the ‘realtime’ experiments, which
measure exclusive fluxes, we include the most recent SNO

R. Bonventre, etal. 1305.5835



CNO neutrinos

Fig. 2. The SSM 8B - 15O neutrino flux correlation, used in [1] to reduce SSM uncertainties.

error, remaining environmental dependences (after use of the SK constraint), neutrino
oscillation parameters, and nuclear cross sections. Further details are given in [1].

Thus the current overall theoretical uncertainty in relating a future CN neutrino flux
measurement to core metalicity is about 9.6%. The dominate uncertainties, those due
to flavor physics and nuclear cross sections, can be reduced by future laboratory mea-
surements. SNO+, a deep scintillator experiment that will be constructed in SNOLab,
may be able to measure the CN flux to an accuracy of about 10% [8]. Given that recent
changes in core metalicity are ⇠ 30%, it appears that future neutrino experiments may
be able to constrain core metalicity at an interesting level of precision.

This work was supported in part by the O�ce of Nuclear Physics, U.S. Department of
Energy.
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SNO+ energy spectrum



Precision flux 
measurement

pep 9.1%
8B 7.5%
7Be 4%

CNO ~15 %
pp a few %

1 year live-time, Borexino level backgrounds
Fine-print disclaimer: see the back-up slide



Hold-down rope net



Electronics upgraded

FPGA crate controllers, trigger system.

ORCA DAQ.

Demostrated data rate 450 MBit/sec.



Calibration system



Acrylic vessel clean



Air fill run fall 2012



Air fill run fall 2012



Current status



SNO+ timeline

Water fill in fall 2013.

Water run in first half of 2014.

Scintillator transition later in 2014.





Full solar disclaimer
1. SNO+ has decided to prioritize neutrino-less 2β decay.

2. Radon daughters have accumulated on the surface of the AV over 
the last few years in a significant way. If these leach into the 
scintillator, the purification system has the capabil-ity to remove 
them.

3. However, depending on the actual leach rate, that removal might be 
inefficient and the 210Bi levels in the scintillator too high for a pep/
CNO solar neutrino measurement with-out further mitigation.

4. Mitigation could include enhancing online scintillator purification, 
draining the detector and sanding the AV surface to remove radon 
daughters, or deploying a bag.

5. Neutrino-less 2β and low-energy 8B solar neutrino mea-
surements are not affected by these backgrounds


